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ABSTRACT 



The metal wire structure for endoprostheses is formed 
of a sintered hollow mesh knitting of elastic metal wires 
(D), said knitting being preferably manufactured in the 
manner of a "rete milanese". Said metal wire structure 
is either used as a coating (1) of an endoprosthesis (3) or, 
after having been sintered together, as a bone replace- 
ment piece. 

Such a metal wire structure allows to obtain a good 
anchorage in the bone, since the pore size of said meshes 
may be adapted to the local conditions, on one hand, 
and on the other hand, the remaining elasticity of said 
meshes allows a suitable transition from said prosthesis 
to the bone. 

18 Claims, 4 Drawing Sheets 
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This object is attained by means of a metal wire strac- 

METAL WIRE STR UCTU RE FOR ture, consisting of a sintered hollow mesh knitting 

ENDOPROSTHETICS which is formed of elastic metal wires. 

The invention is hereinafter described in more detail 

The present invention refers to a metal wire structure 5 with reference to a drawing of embodiments, 
for endoprosthetics as well as to a method for the manu- FIG. 1 schematically shows a single-layer wire knit- 

facture of said wire structure and to an application of ting according to the invention in a plan view; 
the same as a surface of an endoprosthesis or as a bone FIG. 2 shows a cross-section of FIG. 1; 
replacement material Endoprosthetics of the skeleton FIG. 3 shows a cross-section of an endoprosthesis 

has mainly been related to the replacement of destroyed 10 which is coated with the knitting of FIG. 1; 
joints, but it is increasingly being used for the replace- FIG. 3a shows a cross-section according to line 

ment of other skeleton sections such as the shafts of IH a — Ula of FIG. 3; 

members, bones, of the pelvis, as well as for the replace- FIG. 4 shows a cross-section according to line 

ment of vertebral bodies, skull bones and for tooth or IV— IV of FIG. 3a on an enlarged scale; 
denture anchorage. The anchorage of said prostheses in 15 FIG - 5 shows an application of the knitting of FIG. 1 

the bone has turned out to be one of the major prob- for 311 intermediate piece of the femur bone shaft; 
lems. f^G* 6 shows an application of said, knitting for an 

Lately, when it has been found that the anchorage of intermediate piece of the humerus bone shaft; 
prostheses by means of bone cement leads to consider- FlG ' 1 snows a cross-section according to line VII- 

able problems, the main efforts were directed to provide 20 — VH of FIG. 6; 

the prostheses with surfaces with which the bone tissue FIG * 8 shows a cross-section according to line VIII- 

can durably grow together. In this context, there are ~}?J? °1 6> 

different influential factors, such as e.g. the porosity, the . nQ ; 9 ^ ows 311 ^cation of the knitting of the 

material structure, and the bond with the prosthesis. m ^ 0 ?/ 0 f a pIastics head P™**^ 

One direction of the development is the use of metal 25 . HG . /tows » application of the knitting of the 

wire meshes, a representative of a series of patents and ™wtKm for a plastics tibia head prosthesis on a metal 

patent applications being U.S. Pat No. 4,976,738, which W S!?„ u ... c u . . • 

describes a metallic coating of several layers of inter- . 11 f sh0WS ^ a PP Lcanon <* *?tttmg of 

weaved metal wire grids, preferably of titanium wires, » m ^?°?^ T ™* m * t A 

whose mesh size is fcwardly decreasing towards the 30 ^JS^J^S 1 !^ Lc f on * t ^ ta« of the 

prosthesis. Although such a coating is bring described ™™* 0n for a m P JOmt socket P rosthesis m a sectlonal 

£ 11?!^ t-°tif PPli ^! e Hb * 13 *™* ** application of the knitting of the 

for metal prostheses l White the problem of the suitable for m intervertebral disk; 

pore size is attempted to be solved here the elasticity 35 FIGS. 14 and 15 show the application of the knitting 
remiuns insufficient. After smtenng it onto a prosthesis of ^ mvention M a vertebral body replacement; and 

surface, said gnd will become relativdy strff and its FIG. 16 shows the application of the knitting of the 

metal structures are not sufficiently capable of follow- inve ntion as a flat bone replacement, 

ing the elastic movements of the ingrowing and adjoin- Metal wires which are compatible with the body are 

mg bone. Therefore layenng such structures onto ^ used as a basic material for the manufacture of the wire 

metal prostheses resets m problems because they do fitting ^ding to FIGS. 1 and 2, wires having a 

not aUow a structural transition of elasticity between ^ gh ductilitv ^ particularly suitable, such as tita- 

the relatively stiff meta^ and the bone tissue or even the ^urn, stainless steel or other special steel wires; cobalt- 

spongiosa, so that partly only connective tissue bonds chrome, cobalt-molybdene, titanium or gold alloy 

instead of bony bonds are established due to shearing 45 wires . Such wires are commercially available. As a rule, 

movements in the outer zone. single wires are used, but braided wires may be used for 

By using a metal implant coating formed of thin, special applications. The wire thickness is adapted to 

corrugated sheets it has been attempted to solve the the size of the implant body or of the implant, respec- 

elasticity problem, but other problems result in this tively, and is comprised between 0.030 and 1.0 mm, 

case, particularly with respect to the pore size, as well 50 preferably in the order of 0. 1 to 0.5 mm, while the open 

as a relatively expensive manufacture. This bone im- pore size is in the order of 0.2 to 1.5 mm according to 

plant coating is described in U.S. Pat No. 4,969,907. the intended use, see examples 1-11. 

Finally, bone replacement materials are known The manufacture of the single-layer wire knitting 
which have been fabricated in the most diverse ways, according to FIGS. 1 and 2 is effected with known wire 
yet generally on the base of natural bones, as eg. ac- 55 knitting machines as are usual eg. in the jewellery in- 
cording to EP-B- 141,004. Such a bone replacement dustry, where such wire knitting machines are used for 
material is very useful for certain specific applications, the manufacture of flexible necklaces or bracelets. In 
but it has become necessary to replace eg. vertebral this context, it is preferably intended to realize said 
bodies or intervertebral disks as well. knitting in the form of entwined and interconnected 

On the base of the prior art, it is the object of the 60 spiral springs. In the first place, spiral springs comprise 

present invention to provide a metal wire structure the possibility of designing spiral loops of different di- 

having various applications, for example as a surface of ameters and different pitches, and thus allow a variable 

an endoprosthesis or individually as a bone replacement porosity. Moreover, they comprise in a particular way 

material; whose pore structure allows a good ingrowth the desired elastic spring principle which allows an 

of bone tissue, and which yields a relatively high mo- 65 especially good adaptability to differently shaped pros- 

tional elasticity, whereby a permanent anchorage of the thesis surfaces or as an implant in the unsintered state, 

prosthesis is ensured, and which furthermore allows a bat which also ensures a relatively high elastic mobility 

simple manufacture adapted for all prosthesis parts. of the meshes in the sintered state, so that the latter may 
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easily follow the elastic deformations of the bone ac- forms stretched, i.e. extended and larger mesh spaces 

cording to the above-mentioned objectives. in -the larger portion than in the narrower portion, 

Furthermore, the spiral spring compound is relatively where the meshes are more compressed and thus form 
easy to manufacture. The principle of the elastic spring smaller pores. Yet this is no disadvantage since a stron- 
compound is known in the jewellery industry as a so- 5 get attachment in the larger pores by means of corre- 
called "rete milanese". In the textile industry, such spondingly stronger bone projections in the bone area 
hollow mesh knittings are also known as knitted or near the joint (epi-methaphysis) and a slightly lesser 
warp-knitted fabrics. In the jewellery industry, how- indentation in the central area of the bone shaft (diaphy- 
cvcr, this knitting is generally used in a flexible, unsin- sis) is intended, which is not only true for hip joint 
tered form and moreover flattened by pressing. In con- 10 prostheses. Alternatively, it would be possible in this 
trast, the knitting of the invention merely serves as a case to manufacture conical knittings having an increas- 
well-adaptable intermediate product which is only ing or conversely decreasing number of meshes from 
given the desired stability by the following sintering the beginning, as is usual in textile knitting, 
process while conserving a relatively high elasticity, Of course, as the case may be, other forms of knittings 
and which would lose the desired pore structure in the IS which are different from the previously described end- 
pressed state. If a knitted fabric hose, e.g. according to less knittings or conical knittings may be produced for a 
U.S. Pat No. 4,064,567, were applied to prosthesis better adaptation to the prosthesis shape or the desired 
shafts without sintering, said knitted fabric would be bone replacement, e.g. in the form of hoods, pockets, 
crushed already when the prosthesis is inserted, and cylindrical rolls etc. 

under load would result in a continuous chafing friction 20 The hollow mesh knitting of the invention may be 
with considerable metal abrasion and a consequent in- used for all kinds of prostheses such as shoulder, elbow, 
flammation of the tissue due to foreign matter in the finger, hip joint, knee, ankle, and toe joint prostheses, as 
sense of the so-called metallosis. well as for the replacement of shaft bones and as a bone 

As any other knitted fabric, said metallic hollow replacement for vertebrae, etc. 
mesh knittings may be knitted to form the most diverse 25 Besides the already mentioned wire materials, it is 
parts and shapes, most economically in the form of also possible to use wires with osteotrophicbioactive 
so-called endless fabric, and are then cut to the desired properties or correspondingly, to coat already sintered 
size and shape for application, e.g. in the form of short knittings subsequently with calcium salts, in particular 
hose sections for attachment to prosthesis rods, or in the also with hydroxyl apatite, the plasma spray method 
form of oval parts to be sintered onto disk-shaped pros- 30 being used, for example. The accretion of the bone to 
thesis support surfaces, e.g. for tibia plateaus or knee the thus bioactivated metal surfaces of the prosthesis 
prostheses. rod and mainly also of the knitting coating may thereby 

After the attachment or application to metallic an- be accelerated, 
chorage surfaces of the prostheses, the loosely coated 

prostheses are conveyed to a sintering furnace which, 35 Practical Examples 

according to the metal type, is usually under vacuum or 1, Hip joint prosthesis according to FIG. 3 
comprises an inert gas atmosphere. In said sintering A knitting I of the "rete milanese" type made of 0.3 
furnace, said metal wire knitting is sintered onto the mm titanium wire having a mesh diameter of 2 mm and 
support surface, and the mesh contact surfaces are sin- thus a central pore sire of 1.2 mm in the form of a hose 
tered together by means of low temperature sintering 40 with a hose diameter of 20 mm is attached to the proxi- 
(diffusion adhesion) at temperatures of 600* to 700° C, mal first third, i.e. over a length of about 60 mm, of a 
Instead of sintering the knitting onto the metal prosthe- conical hip prosthesis rod 3 made of high-strength tita- 
sis, it is also possible to presinter said knitting and subse- nium alloy and having a length of about 180 mm in such 
quently to attach it to the prosthesis by riveting, weld- a manner that said knitting is tightly applied and 
ing, screwing or clamping. 45 strongly stretched in the upper area and in the un- 

For the coating of prostheses of a thermoplastic syn- stretched state in the lower area. As the case may be, a 
thetic material such as polyethylene, the flat, hood- circular titanium wire thread may be added for secure- 
shaped or hose-shaped knittings are applied in a heated ment, or the hose may be spiraled up in order to in- 
condition to the coating surfaces of said plastics mate- crease the tension. 

rial which are softened by the heat and pressed in to 50 Subsequently, said titanium wire mesh is sintered to 
such an extent that the loops of said knitting are only said rod and the mesh contact points are sintered to- 
partly melted into said plastics material while partly gether in a sintering furnace, either under vacuum or in 
protruding therefrom, so as to allow an ingrowth of the an argon atmosphere. After further treatment, such as 
bone into the free portions and thus an "ingrowth fixa- conical milling for the attachment of a metallic or ce- 
tion" of the prosthesis. 55 ramie hip ball 4 and cleaning, the prosthesis part is 

FIG. 1 shows a possible embodiment of a knitting prepared for packing, sterilisation and implantation, 
where the spiral-shaped wires Dl, 3, 5, 7 eta are visible FIG. 4 schematically shows how the large mesh 
which are entwined with wires D2, 4, 6, 8 etc., see also spaces facilitate the ingrowth of bone tissue K, as sym- 
FIG. 3j. This knitting corresponds to the above-men- bolized by arrows, and the relatively high elastic mobil- 
tioned "rete milanese" type. 60 ity (dotted arrow) is conserved even after the sintering 

For special purposes it may be advantageous to use process, 
multiple layer knittings, either by sucking the knittings 2. Intermediate piece of the femur bone shaft accord- 
and only sintering them together (see examples of ing to FIG. 5 

FIGS. 14-16), or by manufacturing multiple layer knit- Cylindrical intermediate piece 5 is provided at both 
tings from the beginning. This would be feasible when 65 ends with a respective conical bore 6 resp. 7 wherein 
using "rete milanese" in particular. anchorage rods are inserted. Proximal anchorage rod 8 

Hie attachment of cylindrical hoses 2 to conical pros- has a cone 9 corresponding to said conical bore and is 
thesis shafts 3 (see FIG. 3) results in that the knitting manufactured in a variable length, while distal anchor- 
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age rod 10 has a corresponding cone 11. The intermedi- 
ate piece may have an adapted, variable length as well. 
Both the anchorage rods and intermediate piece 5 are 
covered with the knitting 1 of the invention and subse- 
quently sintered as in the previous example. Before- 
hand, the knitting may be fastened by means of single 
wire loops. 

3. Intermediate piece of the humerus bone shaft ac- 
cording to FIG. 6 

Intermediate bone shaft 41 is formed of a double-lay- 
ered knitting 14 which is adapted to be secured by 
means of screws 15 to a stump 16 resp. 17 of bone sec- 
tions 18 resp. 19 and is subsequently sintered as in the 
previous examples. 

4. Tibia head prosthesis according to FIG. 9 

Tibia head prosthesis 20, which is known per se, is 
provided on its underside with a double-layered knit- 
ting 21, while anchorage peg 22 is coated with single 
layer knitting 1, whereupon said coatings are partially 
pressed in under heating. 

5. Tibia head prosthesis on metal washer according to 
FIG. 10 

Plastics tibia head prosthesis 23 is connected by a 
snap lock 24 with a metal washer 25. Anchorage pegs 



corresponding presintered knitting. In this case, as in 
the previous examples, polyethylene is generally used as 
a plastics material, but another suitable material may 
naturally be used as well 
5 8. Artificial intervertebral disk according to FIG. 13 
A disk-shaped plastics piece 34 having a diameter of 
e.g. 30 mm is fust produced by means of a cutting or a 
pressing process. After sintering and hardening, identi- 
cally sized sections of an endless titanium wire knitting 
10 35 are applied to the surface of the upper and the lower 
sides of the polyethylene piece and conveyed to a 
warming furnace whose temperature is increased up to 
the melting limit of the plastics material. As the upper 
and the lower side of the plastics material begin to melt, 
the two wire mesh disks are mechanically or hydrauli- 
cally pressed into the polyethylene surface in such a 
manner that the plastics material flows around the ad- 
joining portions of the knitting meshes and the knitting 
is thus attached to the plastics material after cooling 
while remaining partially exposed for the ingrowth of 
the bone. 

Alternatively, in order to obtain an improved elastic 
damping, a slightly spherical, vaulted plastics disk may 
be produced and centrally excavated, which will finally 



IS 



20 



26 are screwed into said metal washer 25. Here also, 25 be provided on its slightly vaulted surfaces with a corre- 
both the underside of the prosthesis and said pegs are spondingly shaped, presintered wire knitting in the 
provided with a knitting 1, said knitting being sintered same manner. 

on in a sintering furnace as previously described. In this However, it is also possible to introduce the plastics 
case it is useful to press said wire knitting against the core into a pocket-shaped knitting of a fitting size and 
lower plateau side by means of detachable clamps. 30 afterwards to produce the thermal pressing connection 



After the sintering process, the pressing clamps are 
removed, the prosthesis piece is cleaned and subjected 
to further machining and then radiation sterilized and 
packaged. 

6. Tooth root prosthesis according to FIG. 11 
Tooth root prosthesis 27, having e.g. a length of 20 
mm and being conically tapered with an upper diameter 
of 4 mm, is provided with a plug-in cone 28 for receiv- 
ing a build-up such as a crown 29 or a denture, fitted 



between said wire knitting and said plastics material. 
Polyethylene is advantageously used for the production 
of artificial intervertebral disks. 
9. Vertebral body replacement according to FIG. 14 
35 As mentioned in the introduction, it is also possible to 
use the knitting of the invention individually, i.e. as 
opposed to a coating on a prosthesis. Vertebral body 
replacement 36 according to FIG. 14 is formed of a 
double-layered hollow knitting cylinder which has been 



with a fine, hose-shaped wire knitting 30 having a wire 40 produced and sintered according to the invention. For 



diameter of 0.1 mm and a pore size of 0.25 mm, and 
conveyed to a sintering furnace wherein said knitting is 
sintered together with said anchor. This is followed by 
the usual cleaning, fine-machining, sterilisation and 
packaging. 
7. Hip joint socket according to FIG. 12 
First, a hemispherical, cap-shaped wire knitting 31 
having a diameter of e.g. 50 mm is produced and fitted 
to a ceramics ball of the same diameter and subjected to 
a contact sintering of the mesh contact points. An inter- 
nally reinforced, yet elastic wire mesh hemisphere is 
thus obtained, which is now placed upon a hemispheri- 
cal hip joint socket 32 of plastics material having the 
same external diameter of 50 mm and is pressed upon 



45 



50 



its connection to the non-represented bone parts, said 
vertebral body may either have a crown-shaped 
toothed anchorage 37 or a connection by means of a 
screwable tab 38 according to FIG. 14. 

10. Vertebral body replacement according to FIG. 15 
This vertebral body 39 is formed of a rolled and sin- 
tered knitting, the anchorage being effected as repre- 
sented or by means of toothed anchorage 37 or screw- 
able tab 38 in analogy to FIG. 14. 

1 1. Flat bone replacement according to FIG. 16 
The multiple-layered and sintered knitting 40 may be 

used in a predetermined size as a replacement for flat 
bones such as skull bones or pelvis bones. 
It is clearly apparent in the description that the 



the latter under heating to the flowing temperature of 55 shown examples are only a selection of the possible 

the plastics material, so that the metallic loops of the applications while a number of further applications in 

knitting partially penetrate into the softened plastics the field of endoprostheses are possible. The same ap- 

surface and are solidly indented therein. After cooling, plies both for the material used in the manufacture of 

said plastics material is securely connected to the hemi- the knitting and for the materials serving as a support, 

spherical metallic sintered wire knitting. Thereafter, by 60 i.e. as a prosthesis, 

means of a finishing process involving a cutting process We claim: 

or a thermal surface-finishing pressing, the actual socket 1. A metal wire structure for prosthetics, consisting 
cavity 33 is created for the reception of a hip joint ball of a sintered, hollow mesh knitting covering an external 
having a usual hip joint ball diameter of e.g. 28 or 321 surface of a prosthesis, said knitting being formed of 
mm. Radiation sterilisation and packaging are effected 65 elastic metal wires and consisting of a plurality of inter- 
subsequently, connected spiral springs, each entwined and sintered 
Of course, a hip joint socket having another external together to form an elastic layer, said knitting defining 
shape, eg. a conical shape, may be concerned, with a a rete milanese structure. 
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2. The metal wire structure of claim 1, wherein said a metal wire structure covering an external surface of 
elastic layer is sintered onto a metal prosthesis. said prosthesis, said metal wire structure compris- 

3. The metal wire structure of claim 1, wherein said ing a sintered, hollow mesh knitting which is 
elastic layer is partially melted into a surface of a plastic formed of elastic metal wires, said knitting consist- 
prosthesis. 5 ing of a plurality of interconnected spiral springs, 

4. The metal wire structure of claim 1, wherein said each entwined and sintered together to form an 
elastic, metal wires are made of titanium, stainless steel, elastic layer, said knitting defining a rete milanese 
a cobalt-chrome, a cobalt molybdene, a titanium, or a structure. 

gold alloy. 12. The prosthetic device of claim 11, wherein said 

5. The metal wire structure of claim 1, wherein said 10 prosthesis comprises a metal structure, and said elastic 
spiral springs form a porous structure consisting of layer is sintered onto said metal prosthesis. 

pores each having a diameter in the range of 0.2 to 1.5 13. The prosthetic device of claim 11, wherein said 

mm, said wires having a diameter in the range of 0.03 to prosthesis comprises a plastic structure, and said elastic 

1.0 mm. layer is partially melted into a surface of said plastic 

6. The metal wire structure of claim 1, wherein said 15 prosthesis. 

metal wire structure has osteotrophic-biactive proper- 14. The prosthetic device of claim 11, wherein said 

ties. metal wire structure has osteotrophic-biactive proper- 

7. The metal wire structure of claim 1, wherein said ties. 

spiral springs form a porous structure consisting of 15. The prosthetic device of claim 11, wherein said 

pores having different sizes. 20 spiral springs form a porous structure consisting of 

8. The metal wire structure of claim 1, wherein said pores having different size. 

metal wire structure is coated with calcium salts. 16. The prosthetic device of claim 11, wherein said 

9. The metal wire structure of claim 1, wherein said metal wire structure is coated with calcium salts, 
metal wire structure is coated with a material substan- 17. The prosthetic device of claim 11, wherein said 
tially comprising hydroxyl apatite. 25 metal wire structure is coated with a material substan- 

10. The metal wire structure of claim 1, wherein said tially comprising hydroxyl apatite. 

metal wire structure is coated with a ceramic material. 18. The prosthetic device of claim 11, wherein said 

11. A prosthetic device consisting of: metal wire structure is coated with a ceramic material, 
a prosthesis; and * * * * * 
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